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1
MAGNETIC CURRENT COLLECTOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims benefit under 35 U.S.C.
§119(e) o1 U.S. Provisional Application No. 61/104,609 filed
on Oct. 10, 2008, entitled “Magnetic Current Collector,” the
content of which 1s hereby incorporated by reference in 1ts
entirety.

BACKGROUND

1. Field of the Invention

The present invention relates to the field of flow batteries
and, 1 particular, to methods and systems for collecting cur-
rent in a tlow battery.

2. Discussion of Related Art

Flow batteries store electrical energy 1n a chemical form,
and subsequently dispense the stored energy in an electrical
form via a spontaneous reverse reduction-oxidation (redox)
reaction.

As such, a flow battery 1s an electrochemaical storage device
in which an electrolyte containing one or more dissolved
clectro-active species tlows through a reactor cell where
chemical energy 1s converted to electrical energy. Conversely,
the discharged electrolyte can be flowed through a reactor cell
and electrical energy converted to chemical energy. Electro-
lyte 1s stored externally, for example 1n tanks, and flowed
through a set of cells where the electrochemical reaction takes
place. Externally stored electrolytes can be flowed through
the battery system by pumping, gravity feed, or by any other
method of moving fluid through the system. The reaction in a
flow battery 1s reversible. The electrolyte, then, can be
recharged without replacing the electroactive material.

The mimimal unit that performs the electrochemical energy
conversion 1s generally called a “cell”, whether 1n the case of
flow batteries, fuel cells or secondary batteries. A device that
integrates many such cells, coupled electrically in series or
parallel, to get higher current or voltage or both, 1s generally
called a “battery”. However, it 1s common to refer to any
collection of coupled cells, including a single cell used on 1ts
own, as a battery. As such, a single cell can be referred to
interchangeably as a “cell” or a “battery”.

Flow batteries can be utilized in many technologies that
require the storage of electrical energy. For example, tlow
batteries can be utilized for storage of night-time electricity
that 1s 1nexpensive to produce to provide electricity during,
peak demand when electricity 1s more expensive to produce
or demand 1s beyond the capability of current production.
Such batteries can also be utilized for storage of green energy
(1.e., energy generated from renewable sources such as wind,
solar, wave, or other non-conventional sources).

Many devices that operate on electricity are adversely
aifected by the sudden removal of their power supply. Flow
batteries can be utilized as uninterruptible power supplies in
place of more expensive backup generators. Eificient meth-
ods of power storage can provide for devices to have a built-in
backup that mitigates the efiects ol power cuts or sudden
power lailures. Power storage devices can also reduce the
impact of a failure 1n a generating station. Other situations
where uninterruptible power supplies can be of importance
include, but are not limited to, buildings where uninterrupted
power 1s critical such as hospitals. Such batteries can also be
utilized for providing an uninterruptible power supply in
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developing countries, many of which do not have rehable
clectrical power sources resulting 1n intermittent power avail-
ability.

Another possible use for flow batteries 1s 1 electric
vehicles. Electric vehicles can be rapidly “recharged” by
replacing the electrolyte. The electrolyte can be recharged
separately and reused.

The flow cell works by changing the oxidation state of 1ts
constituents during charging or discharging. The basic flow
cell includes two half cells connected 1n series by the conduc-
tive electrolyte, one for anodic reaction and the other for
cathodic reaction. Each half cell includes an electrode with a
defined surface area upon which the redox reaction takes
place. Electrolyte flows through the half cell as the redox
reaction takes place. The two half cells are separated by an
ion-exchange membrane (IEM) where either positive 1ons or
negative ions pass through the membrane. Multiple such cells
can be electrically coupled (e.g., stacked) either in series to
achieve higher voltage or 1n parallel in order to achueve higher
current. The reactants are stored 1n separate tanks and dis-
pensed into the cells as necessary 1n a controlled manner to
supply electrical power to a load.

Problems that can affect the performance of a tlow cell are
the transier of current from the site where the electrochemaical
reaction takes place and the collection of current at an elec-
trode of the tlow cell. Various factors such as defects on the
surface of electrodes, material composition and properties of
the electrodes, sealing of the electrodes, and other such fac-
tors affect the flow and collection of current. There 1s, there-
fore, a need for improved current collection in order to
increase the performance and efficiency of a flow battery.

SUMMARY

Consistent with the present invention, an electrode for use
in a tlow cell can include a first plate; a second plate; and a
metal plate for collecting a current, wherein the metal plate 1s
bonded between the first and second plate.

These and other embodiments of the present invention are
turther described below with reference to the following fig-
ures.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to more fully understand the present invention,
reference 1s made to the accompanying drawings, with the
understanding that these drawings are not intended to limait
the scope of the invention.

FIG. 1 illustrates a tlow battery that is consistent with some
embodiments of the present invention.

FIG. 2 illustrates an electrode assembly of a flow battery a
flow battery consistent with some embodiments of the present
ivention.

FIGS. 3a and 3b 1llustrate an electrode consistent with
some embodiments of the present invention.

FIGS. 4a and 4b1llustrate another electrode consistent with
some embodiments of the present invention.

FIGS. 5a and 556 illustrate yet another electrode consistent
with some embodiments of the present invention.

FIGS. 6a, 6b and 6c¢ 1llustrates yet another electrode con-
sistent with some embodiments of the present invention.

FIGS. 7a and 75 illustrate yet another electrode consistent
with some embodiments of the present invention.

In the figures, elements having the same designation have
the same or substantially similar function. The figures are



US 8,236,463 B2

3

illustrative only and relative sizes and distances depicted 1n
the figures are for convenience of illustration only and have
no further meaning.

DETAILED DESCRIPTION

A flow cell 1s the minimal component of a flow battery.
Multiple flow cells are coupled (e.g., stacked) to form a multi-
cell battery. The cell includes two half cells separated by a
membrane, through which 1ons are transferred during a
reduction-oxidation (redox) reaction. One half cell contains
the anolyte and the other half cell contains the catholyte. The
clectrolytes (anolyte and catholyte) are flowed through the
half cells, often with an external pumping system. Electrodes
in each half cell provide surtaces on which the redox reaction
takes place and from which charge 1s transterred.

FIG. 1 illustrates a tlow cell 100 consistent with some
embodiments of the present invention. Flow cell 100 includes
two half cells 102 and 104 separated by an ion exchange
membrane (IEM) 106. Half cells 102 and 104 include elec-
trodes 108 and 110, respectively, 1n contact with an electro-
lyte 130 or 132 such that an anodic reaction occurs at the
surface of one of electrodes 108 or 110 and a cathodic reac-
tion occurs at the surface of the other one of electrodes 108 or
110. Electrolyte 130 or 132 flows through each of half cells
102 and 104, respectively, as a redox reaction takes place.

As shown in FI1G. 1, the electrolyte 130 in half cell 102 may
be pumped through pipe 112 by pump 116 to holding tank
120. Similarly, the electrolyte 132 1n half cell 104 can be
pumped through pipe 114 by pump 118 to holding tank 122.
In some embodiments, holding tanks 120 and 122 may seg-
regate electrolyte that has flowed through cell 100 from elec-
trolyte that has not. However, mixing discharged or partially
discharged electrolyte may also be performed.

Electrodes 108 and 110 can be coupled to either supply
clectrical energy or receive electrical energy from load or
source 124. Other monitoring and control electronics,
included 1n load 124, can control the tlow of electrolyte
through half cells 102 and 104. Multiple ones of cells 100 can
be electrically coupled (“stacked™) in series to achieve higher
voltage or 1n parallel 1n order to achieve higher current. FIG.
2 1llustrates an electrode and IEM assemble of one such
stacked arrangement of a flow battery 200.

Asillustrated 1n FIG. 2, in some embodiments, tlow battery
200 can mclude end electrodes (end plates) 202 and 210,

IEMs (204 and 208) and a bi-polar plate 206. The end plates
202 and 210 can be coupled to load/source 124. For conve-
nience, a flow battery stack with two flow cells 1s illustrated in
FIG. 2. However, there may be any number of cells 1n battery
200. Theretore, the present disclosure 1s not limited in the
number of cells that may be included and supported by a tlow
battery that 1s consistent with the present invention.

In any tlow battery such as battery 200, resistivity (p) 1s an
important parameter as it determines the efficiency of battery
200. The resistivity of the end plates (202 and 210) and
bi-polar plate 206 can atfect the flow of electrons 1n a flow
battery. Because electrons flow (1n a direction 220 as shown in
FIG. 2) and a current (I) 1s collected at end plate 202, for the
proper functioning of flow battery 200, the conductivity (in-
verse of resistivity) of end plate 202 needs to be high. The
resistivity of a material 1s given by p=R*A/L, where R 1s the
resistance, L 1s the length, and A 1s the cross-sectional area of
the material. Although current (1) flows through cell 200 1n a
direction perpendicular to the surface of electrode 202, once
in electrode 202 current (1) travels 1n the plane of end plate
202. As shownin FIG. 2, resistances (R, R ,, R, ;) depictthe

resistance for current travelling 1n the plane of end plate 202
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and resistances (R _;, R_,, R _;) depict the resistance 1n a
direction perpendicular to the surface of end plate 202. Resis-
tances (R_,, R _,, R ;) and (R, R;,, R,3) are illustrated in
FIG. 2 as examples and are not intended to limit flow battery
200. There may be any number of resistances that can exist on
any end plate and/or bi-polar plate 1n battery 200. Therefore,
the present disclosure 1s not limited 1n the number of internal
resistances that may be included and supported by a flow
battery that 1s consistent with the present invention.

The existence of resistances R, R;,, and R, ; can create a
potential difference across the surface of end plate 202. This
difference 1n potential can result in a non-uniform electron
tlow which can further reduce the amount of current collected
across end plate 202, thereby causing a decrease in the eifi-
ciency of battery 200. High conductivity across end plate 202
can be achieved by minimizing resistances R, , R, ,, and R ;.

In the following description, end plate 202 1s used only for
exemplary purposes to describe any end plate that can be

included 1n a flow battery consistent with the present imven-
tion. It should be understood that end plate 202 and end plate
210 have similar, 1f not identical structures.

FIGS. 3a and 356 1llustrate end plate 202 consistent with
some embodiments of the present invention. End plate 202
can include plates (302 and 304) and a metal plate 306. Plates
(302 and 304) can, for example, be any plastic or polymeric
plastic or other such plastic materials that 1s conducting. In
some embodiments, plates 302 and 304 can be a carbon fiber
infused plastic plate. Metal plate 306 can be formed of any
metal having a high conductivity, for example lead, alumi-
num, copper, gold, silver or other such conductive metals.
Further, metal plate 306 can be a solid conducting sheet of any
appropriate thickness, may be a wire mesh, or may be any
other configuration that allows the transport of current across
plate 306. Furthermore, metal plate 306 may be rectangular in
shape or may be any other shape.

As shown 1n FIG. 3a, metal plate 306 can be embedded
between plates 302 and 304. In some embodiments, end plate
202 can also 1include a frame 307 that can be placed between
metal plate 306 and plate 304 (as shown 1n FIG. 3b). Frame
307 can include the same plastic or polymeric plastic mate-
rials as plates 302 and 304. Plate 302, metal plate 306, frame
307 and plate 304 can be bonded to form end plate 202 (as
shown 1n FIG. 3b), for example by using a heat press or other
such bonding methods. Because the conductivity of metal
plate 306 1s generally much higher than that of plates 302 and
304, the presence of metal plate 306 1n end plate 202 facili-
tates the transier of current within the plane of end plate 202.
Referring back to FIG. 2, cabling 222 1s coupled to end plate
202 to couple end plate 202 with load/source 124.

FIGS. 4a and 4b 1llustrate end plate 202 consistent with
some embodiments of the present imvention. As shown 1n
FIG. 4a, metal plate 306 can further include an ear section 402
that can be coupled to the load/source 124 (not shown in
FIGS. 4a and 45). In other embodiments, the ear section can
be formed from a separate piece attached to metal plate 306.
For convenience, FIGS. 4a and 45 depict ear section 402 as
being included at the rnight hand side of metal plate 306.
However, ear section 402 can extend from the edge anywhere
on metal plate 306, and extends through a seal formed by
plates 302 and 304. The present disclosure 1s not limited 1n the
location of an ear section that may be included and supported
by a tlow battery that is consistent with the present invention.
A cable, which can be utilized to couple end plate 202 with
load/source 124 (as shown 1n FI1G. 2), can then be attached to
car section 402, for example by soldering or with a rigid
connector. Plate 302, metal plate 306, frame 307 and plate




US 8,236,463 B2

S

304 can be bonded to form end plate 202 (as shown 1n FIG.
4b), for example by using a heat press or other such bonding
methods.

FIGS. 5a and 56 illustrate end plate 202 consistent with
some embodiments of the present mvention. As shown 1n
FIG. 3a, plate 302 can include an opening 502. For conve-
nience, FIGS. 5a and 556 depict opening 502 as being included
in the center of plate 302. However, opening 302 can be
included anywhere on plate 302. Theretfore, the present dis-
closure 1s not limited 1n the location of an opening that may be
included and supported by a tlow battery that 1s consistent
with the present invention.

End plate 202 can further include a connector 504 that can
be coupled to metal plate 306 by soldering or other such
coupling methods. Connector 504 may couple with metal
plate 306 through opeming 502 in plate 302. Connector 504
can 1iclude cables, electrical wires, or other such conducting
connectors. End plate 202 can be coupled to load/source 124
(not shown 1n FIGS. 5a and 55) by connector 504. Plate 302,
metal plate 306, frame 307 and plate 304 can be bonded to
form end plate 202 (as shown in FIG. 5b), for example by
using a heat press or other such bonding methods.

FIGS. 6a and 654 1llustrate end plate 202 consistent with
some embodiments of the present mvention. As shown 1n
FIG. 6a, end plate 202 can include a magnetic plate 602 that
can be placed on metal plate 306. Magnetic plate 602 can be
of any shape and can include highly magnetic metals such as
magnetic steel or other such highly magnetic metals. In some
embodiments, end plate 202 can further include an end cap
604 and a magnet 606. End cap 604 can include metals such
as copper, aluminum or other such highly conductive metals
and magnet 606 can include a rare earth magnet, or other such
magnets.

As shown 1n FIGS. 6q and 65, end cap 604 can include a
hollow section which can accommodate magnet 606. Magnet
606 can further magnetically couple end cap 604 with metal
plate 306 due to the magnetic attraction between magnet 606
and magnetic plate 602. End cap 604 may couple with metal
plate 306 through opening 502 1n plate 302. End plate 202 can
be coupled with load/source 124 (not shown 1n FIGS. 6a and
65) through end cap 604. Plate 302, metal plate 306, magnetic
plate 602, frame 307 and plate 304 can be bonded together to
form end plate 500, for example by using a heat press or other
such bonding methods.

FI1G. 6¢ 1llustrates end cap 604 that 1s consistent with some
embodiments of the present invention. As shown 1n FIG. 6c,
end cap 604 can include a grip profile 610. Grip profile 610
can include a diamond profile, a pyramid profile or other such
profiles than can enable end cap 604 to maintain a {irm contact
(grip) and therefore a good electrical connection, with metal
plate 306 due to the magnetic attraction between magnet 606
(as shown 1n FIGS. 6a and 65) and magnetic plate 602. In
some embodiments, end cap 604 can include a harness open-
ing 612 to couple to connector 504. End plate 202 can be
coupled with load/source 124 by end cap 604 using connector
504.

FIGS. 7a and 7b illustrate end plate 202 consistent with
some embodiments of the present invention. In some embodi-
ments, to further increase the efficiency of battery 200, end
plate 202 can include a metal mesh 702. Opening of the metal
mesh can be, for example, circular, square, rectangular, hex-
agonal, and the like. Metal mesh 702 can include a steel mesh,
copper mesh or other such highly conductive metallic mesh.
End plate 202 can further include a connector 504 that can be
coupled to metal plate 306 by soldering or other such cou-
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pling means. As shown in FIG. 75, plate 302, metal plate 306,
magnetic plate 602, metal mesh 702, frame 307, and plate 304
can be bonded together, for example by using a heat press or
other such bonding methods.

In view of the embodiments described herein, the present
invention has been shown to provide a means of collecting
current that optimizes the system etficiency of a flow battery.
The foregoing descriptions of specific embodiments of the
present invention have been presented for purposes of illus-
tration and description. They are not intended to be exhaus-
tive or to limit the ivention to the precise forms disclosed,
and obviously many modifications and variations are possible
in light of the above teaching. The embodiments were chosen
and described 1n order to best explain the principles of the
invention and 1ts practical application, to thereby enable oth-
ers skilled 1n the art to best utilize the mvention and various
embodiments with various modifications as are suited to the
particular use contemplated.

While preferred embodiments of the present mmvention
have been shown and described herein, 1t will be obvious to
those skilled in the art that such embodiments are provided by
way of example only. Numerous variations, changes, and
substitutions will now occur to those skilled in the art without
departing from the mvention. It should be understood that
various alternatives to the embodiments of the invention
described herein may be employed in practicing the mven-
tion. It 1s intended that the following claims define the scope
of the mvention and that methods and structures within the
scope of these claims and their equivalents be covered
thereby.

What 1s claimed 1s:

1. A method of manufacturing an end plate for collecting
current 1n a tlow cell battery system, comprising: providing a
first and second polymeric conducting plate;

forming an opening 1n the first polymeric conducting plate;

bonding a conducting metal plate and a magnetic plate
between the first polymeric conducting plate and the
second polymeric conducting plate, the conducting
metal plate having the current directed therethrough;
and providing an end cap with a magnet formed therein
that 1s inserted 1nto the opening in the first polymeric
conducting plate to electrically contact the conducting,
metal plate, the end cap having a magnet formed therein,
wherein the end cap 1s removably coupled to the con-
ducting metal plate of the end plate by a magnetic field
created between the magnet 1n the end cap and the mag-
netic plate, and wherein the end cap recerves the current
from the conducting metal plate.

2. The method of claim 1, wherein at least one of the first or
second polymeric conducting plates 1s a bi-polar plate.

3. The method of claim 1, further comprising coupling a
metal mesh to the conducting metal plate.

4. The method of claim 1, further comprising coupling a
first frame between the conducting metal plate and at least one
of the first or second polymeric conducting plate.

5. The method of claim 1, wherein providing the end cap
comprises providing an end cap having a gripping surface
formed on at least one side of the end cap.

6. The method of claim 5, wherein the gripping surface 1s
formed on a side of the end cap that contacts the conducting
metal plate.

7. The method of claim 5, wherein the gripping surface 1s
formed to have a pyramid or diamond profile.
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